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IN connection with the work of the Hatch Experiment Sta-
tion of the Massachusetts Agricultural College, a disease of
hothouse lettuce has been under investigation for several years,
The practical results of this investigation will appear in a bulletin
of the station. It js the purpose of the present article to present
Some results of this study which seem to have a value beyond
that of their practical relation to the lettuce disease, and to dis-
Cuss these results, together with some obtained by other inves-
tigators, with a view to clearing up some unsettled points in the
life history of certain fungi.

The question of the relation of certain species of the Poly-
f:lctis section of the genus Botrytis to certain species of Sclerotinia
' N0 new one. The literature of plant diseases, especially in
Europe, abounds in descriptions and discussions of cases of
Plant diseases where one or the other or both of these forms
dppeared, and considerable difference of opinion has resulted as
to their rea] relations to the disease and to each other. In this
“Ontention are involved principally two species of Sclerotinia,
tamely : S, Fuckeliana De By. and S. Libertiana Fckl., and one
SPecies of Botrytis, B. cinerea Pers. (B. vulgaris Fr., and numer-
Ous other Synonyms), Largely on the authority of De Bary,
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Botrytis cinerea has been considered the conidial form of Sclero-
tinia Fuckeliana, and the existence of any such conidial form of
S. Libertiana has been denied. Some investigators have disputed
this, however, claiming that in certain cases BLotrytis cinerea has
developed in undoubted connection with Sclerotimia Libertiana,
thus casting doubts on the distinctness of S. Fuckeliana. The
present article contains a description of the investigation of the
above mentioned lettuce disease, in so far as it bears on this
subject, together with some other observations made by the
writer, and abstracts of descriptions of several similar diseases
investigated by others.

1. The lettuce disease.
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1891 Humphrey (1) described a disease of greenhouse lettuce,
from which the following is an abstract:

The trouble ordinarily appears first upon the stem of the plant, about at
the surface of the soil. Here may be seen at first a soft, dark, decayed spot,
which rapidly spreads, penetrating the stem and involving next the bases of
the lower leaves, The latter, being thus cut off from the plant by the decay
of their bases, usually dry up. With the furiher progress of the decay the
center of the head, with the tender inner leaves, becomes attacked, and soon
collapses into a fetid, slimy mass. In the decaying tissue one can often
recognize fungus threads, and if they are left undisturbed, there appear on
the decayed remains the fruiting threads and spores of a fungus; always the
e - .. . . The fungus in question.is one.of the imperfect forms known as
Botrytis or Polyactis. . . . . In its de\'?ﬁlopment, so far as observed, and in
the details of its structure, this fungus appears to agree with the form known
as Botrytis (Polyactis) vulgaris Fr.; and is with little doubt the conidial stage
of some sclerotium-producing Peziza (Sclerotinia).

Since the above was written the lettuce-forcing industry in the
vicinity of Boston has largely increased, and forms today one of
the most important agricultural industries in the state. Diseases
of the crop have naturally increased proportionally. It isevident
that the trouble described by Humphrey covers what 1s now
generally known in the lettuce district as the ““drop,”” and prob-
ably also more or less of another disease distinguished by the

growers as “black root.” The “drop” is the worst obstacle to
lettuce growing in the Boston district. Its general nature is
described in the quotation from Humphrey. Plants growing

finely and approaching maturity suddenly collapse, the stem at
the surface of the ground and the bases of the leaves are found

to be rotted, and in a day or two the plant is completely gone.
Plants afflicted with the real ““drop’’ never recover. In most of
these sudden cases, however, no black spot appears on the stem
a8 described by Humphrey, nor does any external change in
APpearance take place except that a white, mould-like fungus
Mycelium usually appears and grows vigorously upon the sur-
founding soj]. This Humphrey does not mention, though it
tems probable that he would have done so if it had occurred 1n
the cases observed by him, as it is very striking. Careful study
of these diseases show that many cases of ‘‘black root”’ come
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closer to Humphrey’s description. This trouble appears to start
in some injury to the plant, such as the breaking off of a leaf,
or where the plants grow poorly and the outer leaves die off.
Starting in some such way a fungus growth develops which
gradually works down into the stem on the side from which it
started, producing a black, decayed spot, just as described by
Humphrey. A growth of Botrytis appears on the affected parts,
but the vigorous growth on the soil does not appear. The
ultimate fate of such plants depends largely on the management
of the greenhouse. If the soil is kept dry and the temperature
low no great loss results, but should a period of high tempera-
ture and considerable moisture occur the plants soon “ drop” in
the characteristic manner. A trouble of this sort appears to be
common wherever hothouse lettuce is grown. It has generally
been ascribed to Botrytis wvulgaris, largely on Humphrey's
authority, and the idea appears to be general that it can be held
in check by proper handling of water and ventilation. Thus
Humphrey says:

It 1s evident that the thorough and careful culture and vigilant supervision
of the plants are essential to the control of the disease in question . . . . with

a crop well nourished and well cared for one may legitimately expect prac-
tical freedom from loss by rotting.

The *lettuce rot’ described by Jones (2) does not appear to
be the “drop,” although ascribed to Botrytis vulgarnis. The trouble
described by Taft (3) as caused by B. vulgaris may include the
““drop,” but the name “ mildew” is ill-chosen. Galloway (4).
referring to the Boston soil, says :

Wet rot of the lower leaves and rotting of the stems and consequent
wilting of the plant are seldom troublesome in this soil if properly handled,

because the surface is at all times comparatively dry. Wet rot is produced
by Botrytis vulears,

Bailey (6) has the same idea when he says :

This lettuce rot is due to a tungus (Botrytis vulgaris) which lives upon
decaying matter on the soil, but when the house is kept too warm and damp,
and the lettuce becomes flabby, it invades the plant and causes irreparable
damage. There is no remedy, but if the soil is sandy and *“sweet’’ and the
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house properly managed as to moisture and temperature, and top dressings
of manure are avoided, the disease need not be feared.

Bailey’s illustration shows a typical case of “drop.” If these
statements are to be believed the condition of affairs in many
lettuce houses about Boston can but reflect seriously on the skill
of their owners. The disease is there and in abundance, to all
appearances the same trouble as described by Humphrey, Gallo-
way, and Bailey. In some houses it 1s much worse than 1n
others but the fact is undeniable that even in the houses of some
of the best growers, men who possess a practical knowledge ot
their special crop second to none, the disease is almost unchecked.
Evidently, therefore, Botrytis wulgaris is a more serious parasite
than is generally supposed, or else some other organism or agency
s at work, producing a similar effect.

The first cases of the disease examined by the writer agreed
very well with Humphrey’s description. The plants were com-
pletely collapsed and the stems and bases of the leaves soft and
rotten. The affected tissue was filled with a vigorous mycelium
(fig. 5r). This mycelium was composed of large, branching,
septate, hyaline filaments, filled with granular protoplasm, but
with numerous vacuoles in the older portions. The larger fila-
ments averaged about 13x in diameter. On the borders of
affected tissue filaments could be seen advancing (/g 50).
When placed in a moist chamber over night, the plants became
covered in the affected parts with a vigorous growth of the
conidial form, Botrytis vulgaris Fr. This growth, to all appear-
afices, originated directly in the parasitic mycelium which had
.destroy ed the plant. The conidiophores developed from the
\nterior filaments ( figs. 73-77). Fig. 18 shows the developx‘m—:jnt
of the branches, and figs. 1 and 2 represent a typical conidio-
phore of this species. The peculiar branching forms known as
‘organs of attachment” (figs. 19-26) were also abundantly
Produced from the mycelium on affected plants and in cultures,
Which could readily be made en prune juice, prune bread, prune
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were produced abundantly on affected plants and in cultures.
These were very small and insignificant, but numerous in every
case.

Humphrey’s conclusions that the disease is caused by Bolry-
tis vulgaris appears to have been generally accepted by all who
have written concerning this disease. It is very probable that
in some of the citations given above the disease was not the
real stem rot or ‘“drop,” but simply a case of Botrytis on the
leaves, as often occurs on all kinds of plants when growing
poorly or under unfavorable conditions. But in many of the
references it is evident that the typical stem rot was found and
ascribed to Botrytis. In no case was any extended investigation
made. Early in the writer’s study of this disease it became evi-
dent that whatever the cause might be, many cases occurred in
which no Betrytis could be found, although otherwise the
disease was very typical. Extended observation of a very large
amount and variety of material from various sources has shown
the existence of what may be called three forms of the typical
disease. This excludes some other lettuce troubles of a more or
less similar nature.

THE BOTRYTIS TYPE.

This form of the disease has already been described in a gen-
eral way. It should be clearly distinguished from cases where
Botrytis grows locally, more or less as a saprophyte, or evell
as a true parasite, upon the outer leaves. The rotting of the
stem and collapse of the leaves and head is the character-
istic of this and all types of the real “drop.” Botrytis vulgarts
is well known as one of the fungi, though not, perhaps, the most
common, which cause the death of young seedlings and cut-
tings by what is known as ‘“damping off,”’ a trouble entirely
similar to the **drop” in its effect, being a rotting of the stem at
the surface of the ground. The principal difference between
“‘damping off” and “drop” from a practical standpoint is in th.C
age of the plants affected. * Damping off " of lettuce seedlings 15
common and may often be traced to Botrytis. It would not
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seem remarkable, therefore, for so similar a disease as the

)

“drop” to be caused by the same fungus. But of course the
occurrence of this so common species upon affected plants
comes far from proving it to be the parasite, and especially since
many cases of the typical disease occur where no trace whatever
of this fungus, or at least of its conidial form, can be found,
Humphrey’s conclusions cannot be accepted without further and
more definite proof. The most convincing case in this respect
seen by the writer was that of a crop of lettuce grown in one of
the station greenhouses in the winter of 1898—g. The “drop”
had been introduced into this house for purposes of study in 1897
and had been abundant in each crop since then. In no case,
however, had any Botrytis appeared. Meantime, a method of
treatment had been developed by which this no-botrytis type ot
the disease was completely held in check. The treatment con-
sisted in sterilizing the soil by means of steam, and crop after
Crop was grown, with or without the disease at will. When this
Crop was set out the plants were overgrown and *“spindling,”
having been too long in the flats. Consequently the outer leaves
died off and the plants received a severe set back. Added to
this the house was not properly ventilated and on several occasions
the temperature was much too high. Soon after being set out the
plants began to ““drop,” and in a few weeks the majority of
them, in treated and untreated soil alike, were gone. Affected
plants showed a mycelium 1n the stem indistinguishable from
that in all other cases. Organs of attachment occurred as usual,
Botrytis was abundant on every plant, especially when kept over
might in a moist chamber. No mycelium was visible upon the
surface of affected plants nor did it spread to the surrounding
soil, and it could not be seen that the disease spread from plant
to plant. The leaves were scarcely or not at all affected except
at the very base and the rotting was almost entirely confined to
the stem, the rest of the plant drying up. There 1s no reason t.o
doubt that these plants were a.ffected primarily with Botryhis
?’"lgfl”i’S, originating presumably from conidia in the atr, anfi such
s believed to have been the case. It appeared to be essentially a
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case of belated ““damping off,” made possible by the weakened
condition of the plants.

Cultures made from affected tissue from these plants and
from the Botrytis conidia gave similar results. A rather scanty
mycelium developed, bearing numerous organs of attachment and
but few conidia. Often no spores developed until after several
weeks, even in cultures made directly from conidia. Compared
with cultures made from ordinary saprophytic Botrytis vulgars,
these seemed to show that as the fungus takes on a parasitic
nature it produces fewer conidia and more organs of attachment,
though it is extremely variable and uncertain in these respects.
Sclerotia were sparingly produced in almost all cultures made
from this material. These appeared first as reddish, blister-like
elevations in the substratum, gradually becoming black and hard.
T'hey were mostly longer than broad, thin, firmly attached to the
substratum and inseparable from it. lext fig. 1 f shows some of
these sclerotia grown on gelatine, portions of which are still
attached to them. The photograph does not bring out clearly
the size and form of the single specimens, as it is impossible to
separate them cleanly. Thus, #as Jig. 1 f* is a piece of gelatine
having on its surface two long, thin, narrow sclerotia lying parallel
to one another, while f* consists of several sclerotia with more
or less gelatine. fig. 44 also represents some of these forms,
but fails to bring out their thinness, If placed in wet sand soon
after being formed these sclerotia produced an abundant crop of
Botrytis conidiophores and conidia. The ability to produce
conidia appeared to be lost with age, and after a few months
drying the development was largely of mycelium, though this
was rather scanty.

In order to determine still more fully the relation of Botrytis
to the lettuce disease some investigations were made along the
line of infection experiments. Humphrey reports such to have
been unsuccessful. Experiments on early mature lettuce plants
gave the following results.

I. Pieces of affected plants buried in the soil beside healthy

plants generally produced the disease.
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2. Diseased plants from the lot just described, which appeared
to have a pure Botrytis disease, did not have this effect.
3. Water containing abundant conidia poured down into the

head produced no effect.

4. The same result was obtained when the leaf stalks were

h e e c—— e — . t—

:

Fig.
tungys d, small sclerotia from lettuce fungus; e, sclerotia of S. Libertiana from
alfalfa ; /s sclerotia of Botrytis cinerea.

. : -~ | . T 5 7 ust of lettuce
l.—a, sclerotia of Sclerotinia Libertiana: b, ¢, sclerotial crust of le

cut into so that the conidia came into contact with wounded

tissue.
5. Conidia dusted all over plants in great abundance had no
effect.

0. Plants treated as in s but covered with a bell jar became
affected in the leaves, which gradually died and rotte(.l,
away, but the stem was unaffected and no typical ** drop
resulted.
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7. When the stem was cut into at the surface of the ground

and mycelium and conidia inserted, no effect was apparent.

From these experiments it appears that the typical * drop”
cannot be produced from Botrytis conidia in vigorous lettuce
plants under ordinary conditions.

The following experiments were made with lettuce seedlings.
A dish of soil was sterilized and then thoroughly inoculated with
fresh Botrytis conidia. Lettuce seed was then sown. The plants
came up well and remained entirely unaffected. The soil was
then sprinkled heavily with conidia among the seedlings, with
the result that one ‘““damped off.”” The stem was permeated
with a mycelium entirely similar in appearance to that found in
the **drop.” A portion of this is shown in fig. 27 (cf. fig. 51).

The dish was then covered with a bell jar and kept very
moist, but no more plants were affected. Prune juice containing
conidia was then poured amongst the plants and the dish kept
in the open air. **Damping’ at once set in, and in a few days
all the plants succumbed in the characteristic manner. Cultures
made from these plants on prune and turnip showed the parasitic
peculiarities of Botrytis already referred to. A considerable
mycelium was produced at first but very few conidia until later.
Raw turnip was readily attacked and caused to rot. This experi-
ment corroborates Kissling’s® results in regard to Botrytis cinerea
that conidia are unable to, or at least do not readily, attack living
tissue except after previous saprophytic nourishment.

In respect to the general question as to the relation of
Botrytis to the drop,” these results seem to show that the disease
s not produced in vigorous plants by direct infection from conidia
in the air or soil, although in the case described above, where
the vitality of the plants was very low, such appears to have
been the case. The same conclusion may be deduced from the
usually sucessful result of sterilizing the soil. There appears to
be no doubt that the cases where “black root ”” develops into the
“drop"” belong to this form of the disease, and also the trouble
which Humphrey, Galloway, and Bailey had in mind in referring

*Hedwigia 28: 227. 1880.
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to 1its treatment. Were this the only form to occur it would
cause little trouble in the Boston district, as it is almost unknown
there except for an occasional case of * black root.”

THE NO-BOTRYTIS TYPE.

Among all the cases of the disease examined by the writer,
those in which Botrytis appeared have been by far the exception.
In the type of the disease most prevalent in Massachusetts no
conidial form whatever can be found. In its general effect the
disease is entirely similar to that already described and indistin-
guishable from it. Affected plants wilt and collapse and in a few
days are entirely destroyed. The usual mycelium is found in
the stem. It is also usual to find an abundant, white, woolly
mycelium proceeding from affected plants to the surrounding
soil where it flourishes luxuriantly for a time, often spreading to
and attacking adjacent plants. In fact it is evident that what-
ever form of reproduction this fungus may possess its principal
mode of spreading in the greenhouse is by growth in the soil.
Wherever one plant is attacked the neighboring ones almost
alWays tollow, and the mycelium grows luxuriantly upon the
soil, extending from plant to plant. On coming into contact
With a healthy leaf it spreads over the surface, forming numerous
organs of attachment (fig. 31). Fig. 29 shows in cross section
the result of this, the epidermis breaking down and the fila-
ments penetrating and destroying the leat. Sclerotia are formed
In considerable abundance on affected plants, especially on the
stém and beneath the leaves, but they are very small and easily
overlooked in the soil. Cultures are easily made with bits of
atfected tissue or mycelium, and hundreds have been made 1n
this way with no sign of Botrytis. Such cultures produce a oon-
siderable mycelium, more abundant on bread than on gelatine,
and VEry numerous sclerotia. This mycelium 1S composed of fila-
Ments indistinguishable from those in the botrytis form. Orgaos
of attachment are numerous and entirely similar. The sclerotia
4T€ very small, mostly about the size of a pin head. Some are
a little larger, but thin and irregular in shape, while often a sort
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of black sclerotial crust is formed, an inch or more in diameter,
but not much thicker than paper. Fig. g2 and text fig. 1 d show
the small sclerotia of this type, and the crust-like growth is
shown by Zext fig. 1 6 and ¢, and by fig. 73. A clear distinction
can be seen between the formation of sclerotia in this and in the
botrytis form. Here they first appear as white specks in the
mycelium, gradually becoming black and hard. They are not as
long as those of the other form, and lack entirely the very char-
acteristic blister-like connection with the substratum, being
entirely distinct from it and imbedded in the mycelium. They
are also produced much more abundantly. Many trials were
made to obtain further development from these sclerotia. When
placed on moist sand they uSually produced a growth of mycel-
lum, more copious from old specimens than fresh ones. Old
dry material a year old grows luxuriantly when kept moist for a
tew days, producing much more mycelium than the Botrytis
sclerotia. What might be called secondary sclerotia are also
produced on such growths. On the surface of clean sand, on
moist filter paper, or even on the bare bottom of a glass dish,
when kept covered and moist, the mycelium coming from a scle-
rotium produces often a considerable number of smaller ones.
The same result is often seen when a piece of affected tissue 1S
placed in a moist chamber ( fig. 45); and upon the surface of the
soil about, and especially beneath the leaves of the affected
plants, such secondary sclerotia are commonly produced. Being
so small, however, they are difficult to distinguish in the latter
case. Other than this no development has been obtained from
these sclerotia except in one case. One of the largest speci-
mens, about 3™™ in diameter, after being in the sand for some€
time, threw up a slender stalk (fig. 35). This reached a height
of nearly 1°®, but then withered and faded away without attain-
ing any farther development.

Since no reproductive structures of this form could be
obtained, infection experiments were only possible by using dis-
eased tissue or masses of mycelium as infective material. Such
experiments were almost invariably successful. Using plants
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which showed this type ot theé disease in its purest form, or cul-
tures made from them, it was found that when bits of diseased
tissue were buried in the soil beside healthy plants, or inserted
in cuts in the stem, the disease was at once produced. It was
further found that if affected plants or portions of them were
buried in a flower pot and lettuce plants set in, the latter would
soon begin to die off and all eventually succumb, the mycelium
soon appearing upon the surface of the soil in the characteristic
manner. With sclerotia, pure mycelium, or pieces of sclerotia,
the same results are obtained. In none of the experiments were
the plants covered or placed under any conditions different from
those of ordinary greenhouse culture. These results show
plainly that this species or form is an active parasite, capable of
causing the disease in the most vigorous plants at any age, but
at the same time able to flourish under purely saprophytic condi-
tions. It is likewise able to reproduce itself from year to year
indefinitely by purely vegetative development, forming freely,
either as 2 saprophyte or parasite, sclerotia which are able to
survive all ordinary conditions? and produce the fungus anew.
It would seem, in fact, that this is the only method of reproduc-
tion of this form. The results of sterilizing the soil have
been already alluded to. It was found that when not less than
three inches of the surface soil had been steam sterilized not a
plant was affected, even in the worst infested beds. The only
€Xception to this was the one crop where the pure botrytis type
OCcurred. Plainly, therefore, the no-botrytis form depends very
largely, if not entirely, upon saprophytic growth in the soil

and the sclerotial resting stage for the continuance of its
EXistence.

THE LARGE SCLEROTIA TYPE.

In a lot of lettuce plants sent by a gardener in eastern Mass-
achusetts a third type of the “drop” was found. In this case

the general nature of the disease was typical, and the parasitic

' rdo
5 *Many resylts that relate to the biology of these forms are omitted here as they
Ot bear on the present :ubject.
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mycelium indistinguishable from that found in other cases. No
Botrytis appeared. The peculiarity of this form was that the
sclerotia which were rather sparingly produced on the plants,
were quite large and thick, much more so than in the ordinary no-
botrytis type. In cultures numerous large, well-formed sclerotia
- appeared, some being an inch
, long and thick and solid (fig.

41, and fext fig. 1 a). These
sclerotia could be grown by
the quart on suitable media,
dishes of prune bread being
especially favorable. Their
development is similar to that
of the smaller ones in the last
type described. Beginning as
a white, harder spot in the
mycelium they gradually
enlarge, becoming, when ma-
ture, black and hard. They
have no connection with the
substratum, being imbedded
in the mycelium and easily
separated from it. During
their formation drops of a
clear liquid usually appear on
the surface, and in old cul-
tures the sclerotia and myce-

F16. 2.—Sclerotia and apothecia of 11um often become incrusted
Sclerotinia Libertiana : slightly reduced. with rod-shaped CrystalS of

calcium oxalate. In cultures
and on diseased plants organs of attachment are very abundant
and entirely similar to those already mentioned.

When placed on wet sand these sclerotia soon began to throw
up slender stalks, usually several from each, which expand 1nto
trumpet-shaped Peziza apothecia. These bodies varied SOme
what in size and shape, as shown by the typical forms in text fig. 2-
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The disks have the usual discomycetous structure as shown
In section (fig. 32). Asci and paraphyses are shown more
enlarged in fig. 33. This fungus was a typical form of Sclerotinia
Libertiana Fckl. (Peziza Sclerotiorum L.ib., etc.)

Similar infection experiments to those in the last case made
with this material gave the same results. Diseased tissue or por-
tions of mycelium never failed to produce the disease in healthy
plants. No experiments have been made with ascospores in
respect to infection. The conclusion is a safe one that Seleroti-
ma Libertiana is an active parasite of lettuce and, in some cases at
least, the cause of the disease under consideration. The form
just described, however, is far from common in greenhouses, and

certainly does not occur in the great majority of cases of the
“dr0p”.

GENERAL CONSIDERATION OF THE CAUSE OF THE DISEASE.

These three types cover all the cases of the disease which
have been seen by the writer. The last occurred in but a single
lot of plants. The second represents the bulk of the disease in
this state. The first in its purest form was found only in the
single lot of plants described and occasionally in a few plants in
d Crop soon after setting. Cases are not rare, however, which
dppear to be a mixture of the first and second. Botrytis develops
on affected plants but cultures from the most newly affected
Inner tissye give no Botrytis but characteristic growth of the
no-botrytis form.

The observations thus far recorded are sufficient to establish
the following statements : |

The “drop,” in the majority of cases, is a strictly parasitic
disease and attacks the most vigorous plants.

The ordinary Botrytis in its conidial form does not cause the

disease €Xcept in exceptional instances.
Either of the last two forms described is able to cause the

disease In a strictly parasitic manner.
- . 4 " . " » m-
The disease is spread and infection takes place most co

monly by saprophytic growth through the soil.
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The fungus which causes most cases of the disease 1s able to
exist indefinitely in the soil by means of sclerotia, which may be
formed either upon affected plants or by purely saprophytic
growth 1n the soil and appear to form the usual, if not the only,
mode of reproduction,

This fungus may be exterminated by heating the soil.

In exceptional cases the “drop’ appears to have been
caused by the conidial form of Botrytis vulgaris, but only in plants
which were under unfavorable conditions.

The disease may be caused by a typical form of Sclerofinia
Libertiana Fckl., but this is exceptional.

In all cases of the disease there is the closest resemblance in
the effect on the plant and in the parasitic mycelium which
attacks it, the latter applying to the filaments and the organs of
attachment which they bear.

I'he most marked differences between the three forms are
found in the production of Botrytis conidia in the first and its
absence in the other two ; in the production of the Peziza stage in
the last; in the form and size of the sclerotia and the manner of
their production; and in the general greater development of the
mycelium and its spread over the soil in the last two types.

On the basis of these statements the following suppositions
are possible as to the relations of these forms to one another and
the real cause or causes of the disease.

I. The three types are caused by three distinct species of
tungi which are peculiarly coincident in certain respects.

2. The three types are caused by three different forms of the
same species, which accounts for the coincidences.

3. Two of the forms belong to the same species while the
third is distinct but similar in certain respects.

CULTURES.

In order to test further these hypotheses a large number of
special cultures were made which may now be described. The

specific object of these experiments was to find out, by gl‘OWi“g
the three forms of fungi under various conditions, whether any

—
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of the forms could be changed into any other, or to prove defi-
nitely that they are all distinct. To accomplish the former
required that Botrytis be developed in a pure culture of one or
both of the no-botrytis forms, that one or both of the typical
no-botrytis forms be developed from Botrytis conidia, or that the
typical Sclerotinia Libertiana be developed from the ordinary
no-botrytis form or wice versa.

Growth on various media.— Cultures of the three forms were
made on a considerable variety of substances to test their effect
on the organisms. These substances included various fruit
decoctions, bread soaked with various nutrient juices and decoc-
tions, and boiled fruits and vegetables of many different kinds.
A detailed account of these cultures is unnecessary as in every
case the growth was typical of the original material and no
marked changes appeared.

Lffect of low temperature.— Here again no results were obtained.
It was found that each of the forms, with proper nourishment,
continued to grow almost down to the freezing point, but naturally
with much less vigor at the lower temperatures. No other effect
than this was observable with the no-botrytis forms. With
BOtrytis no conidia developed in cultures kept below 5° C., a
teeble mycelium being the only growth. When put in a warm
Place, however, these cultures at once grew in the ordinary man-

€1, producing abundant conidia.

: Effect of darkness.— No marked effect was produced by growth
in total darkness.

Lffect of starvation— Cultures made in pure gelatine with no

lutrient addition showed nothing more marked than a feeble
growth, '

Effect of solidity of substratum.— This was tested by using
utrient agar of different degrees of solidity. Growth was not
45 Vigorous upon the hardest grades, but no other effect appeared.

Effect of acid and alkaline media.— These experiments Were
Made by using as a nutrient medium prune juice of different
degrees of acidity and alkalinity. The decoction was first cares
fu“)’ Neutralized by an experienced chemist, using sodium
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hydrate and tartaric acid weighed out in the dry form and added
to the prune juice in the proper amounts ; the following series of
flasks were made up: A, 1, 1, 2, 3, 4, §, and 10 per cent. acid,
with similar alkaline series.

With Botrytis no results affecting the main question were
obtained from these cultures. After four days good mycelium
and conidia had developed in alk. {1, per cent., neutral, and .,
g» and I per cent. acid. Acid 2 per cent. had considerable myce-
lium, rather dense, and a few conidiophores. Acid 3, 4, and §
per cent. had a smaller amount of dense mycelium, forming a
compact membrane. Acid 10 per cent. had merest trace of
development. Alk. 1 per cent. had good mycelium, loose and
flocculent, with some conidiophores around the edges. Alk. I
per cent. about the same but with very few conidiophores. Alk.
2 per cent. poorer mycelium with woolly, flocculent appearance
and no conidia. Alk. 3 per cent. merest trace of development.
Alk. 4, 5, and 10 per cent. no growth. Two weeks later conidia
were abundant in all the acids except the 10 per cent., which
showed no growth. The alkalies had quite abundant conidia
below 3 per cent., but from there on very little or no develop-
ment. Acid 1 per cent. gave about as vigorous and typical a
Botrytis growth as any. The contrast was very marked between
acid 2—5 per cent. and alk. 1-2 per cent. The former formed 2
close dense membrane, while the latter was loose, woolly, and
flocculent. No particular difference in the filaments could be
seen with the microscope. While these results have some little
general interest they gave no evidence as to a connection between
Botrytis and other *drop” fungi. The no-botrytis fungus with
small sclerotia showed no such striking differences 1n develop-
ment in acid and alkaline media as did Botrytis. Its range of
growth was about the same and the effect upon the mycelium
was somewhat similar but by no means as marked. From one
culture of this sort, however, a valuable result was obtained.
This was a large flask of prune of considerable alkalinity but not
made up in definite proportions. It was inoculated with S Lol
lium from a pure culture of the small-sclerotia fungus, coming
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originally from lettuce in a house which had never contained
any other form of the disease. In this culture the usual small
sclerotia were first produced, but later there appeared a con-
siderable number of larger ones, appearing similar to those of
S. Libertiana. A number of these were obtained and cultures
made from them on ordinarv prune bread, with the result that
the typical large-sclerotia type developed. No spores of this
type had ever been developed in the laboratory at the time this
culture was made nor had any trace of the large-sclerotia form
ever appeared in connection with any of the material used, so
that there would seem to have been no possible chance for acci-
dental infection. Consequently the only possible explanation
seems to be that Sclerotinia Libertiana developed directly from the
small-sclerotia, no-botrytis form.3 (In this connection should be
borne in mind the fact already mentioned that in one case one

of the small sclerotia started to develop an apothecium just as in

S. Libertiana. )
CONCLUSIONS.

From all the observations and experiments thus far recorded
it is concluded :

[. That the lettuce ‘“drop” in Massachusetts is caused by
two distinct species of fungi, namely, Botrytis vulgaris Tr.
and Sclerotinia Libertiana Fckl., which are remarkably alike in
Some respects and have an entirely similar effect upon the
plant,

2. That the bulk of the disease is caused by a degenerate
form of the latter species, which has almost entirely lost the
ability to reproduce by spores but which is highly specialized as
4 vegetative, facultative parasite. |

3- That the disease is caused by Botrytis vulgaris and the typi-
cal Sclerotinga Libertiana in mature plants only in rare instances;
the former on account of its inability to attack vigorous plants

Under normal conditions, the latter because of its infrequent
OCCurrence.

31t is not asserted that this result is to be attributed to the alkalinity of the cul-
ture medium,
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4. That in many cases Botrytis develops as a saprophyte on
plants primarily affected by the other species and 1s mistaken
for the true parasite on account of the similarity of the myce-
[tum.

5. That these forms and species can be distinctly separated
by means of pure cultures, and distinguished from one another
by the form and manner of growth of the sclerotia.

NoTE.—No reference has thus far been made to the internal structure of
the sclerotia. De Bary (Morph. and Physiol. p. 31) draws a distinction between
the Botrytis and S¢/. Libertiana forms on the basis of structure, but the writer
has not been able to establish this or make a uniform distinction. /£ig. 39
shows a section which might represent any of the forms.

Thus it appears from the study of this disease that Seclerotinia
Libertiana has no connection with the Botrytis form in question,
although at first sight this appeared to be undoubtedly the case.
Confusion has arisen from the similarity in the parasitic myce-
lium of the two forms, their similar effect on the plant and their
frequent simultaneous occurrence: coincidences most deceptive
to superficial examination but easily explained on the ground of
the close relationship between the two species. Too general
conclusions should not be drawn from the case of this disease,
however, without taking into consideration a number of very
similar ones which have been described. The writer has been
tortunate in obtaining material of a number of these diseases, as
well as additional information concerning some of them, and has
spent considerable time in comparing them with the results
obtained from the study of the lettuce disease. Careful inquiry
shows at once that much has been taken for granted in many of
these cases and conclusions drawn which were based more on
apparent probability and general appearances than actual proof.
It must be conceded that in a number of cases which are
mentioned hereafter the conclusion seems at first sight fully war
ranted that Boesrytis cinerea is a stage in the life history of Sclere-
tima Libertiana, so intimately are the two forms associated with
one another and so similar are they in effect and many details of
structure. But, as will presently appear, in every case which the
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writer has been able to investigate or obtain full information
about, as well as from his general study of the species of fungi
concerned, the conclusions based on the study of the lettuce dis-
ease are fully substantiated. Three classes may be made of the
diseases of this nature as follows: (1) diseases where both
Sclerotinia Libertiana and Botrytis cinerea (valgaris, etc.) appeared ;
(2) diseases attributed to Botrytis alone ; and (3) diseases attrib-
uted to Sclerotinia alone.

II. Diseases attributed to Sclerotinia and Botrytis.

As a type ot this class, which would include the lettuce dis-

case, may be taken the disease of hemp described by Behrens
and others.
HEMP DISEASE.
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A disease very similar to that of the lettuce is described by
Behrens (4) on hemp. For several successive seasons a stem
Tt of this plant was observed in Alsace. Affected stems were
Permeated with large, intercellular filaments, while upon the sur-
face 4Ppeared sclerotia resemblin g the old form Sclerotium zrzm'u?fz.
In the Interior cavity of the stem were also numerous sclerotia.

Upon some affected plants a growth of Botrytis cinerea appeared,
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the mycelium of which agreed entirely with that in the stem.
In a moist chamber Botrytis appeared on many of the plants.
Material received the following year showed no trace of Botrytis;
otherwise the disease was exactly the same. Cultivated on
bread the fungus produced abundant sclerotia but no Botrytis,
while in the previous year the conidial form appeared in cultures
regularly. The author concludes that the organism is similar to
Sclerotima Libertiana in every way except for the Botrytis con-
1dia, which form is supposed to characterize S. Fuckeliana, and
states that one of two cases is possible ; either the Botr)?tis 1S
sccondary on stems affected primarily with S. Zibertiana, or else
the fungus occurs varyingly, with or without Botrytis conidia.
The results of inoculation experiments with Botrytis conidia
appeared to support the latter hypothesis, that the Sclerotinia
may appear with or without Botrytis. Whether it should be
called Fuckeliana or Libertiana the author was unable to decide.
Some time after the above was published, in the spring of
1398, the writer visited Dr. Behrens at Karlsruhe and was
informed by him in regard to this disease that after more
extended observation and consideration he inclined to the opinion
the Botrytis and Sclerotinia might after all have been distinct
species on the hemp, having no connection with one another.
Tichomiroff (1) found a disease of hemp in Russia with which
that described by Behrens appears to be identical. He observed
numerous sclerotia and named the form Prziza Kaufmanmana.
NQ mention 1s made of a Botrytis stage. De Bary(3) found it
possible to infect hemp with ascospores of Sclerotinia Libertiana
and decided that Kaufimanniana was the same species.
Hazslinszky (2) found a fungus parasitic on hemp in Hun-
gary which he named Polyactis (Botrytis) infestans. Behrens
considered this as probably a form of B. cinerea, although the
conidiophores, as figured by Hazslinszky, are articulated m 2
peculiar manner.
Hiltner (6) found a hemp disease with symptoms agreeing
with those described by Behrens, Tichomiroff, and Hazslinszky,

wherein no sclerotia appeared but abundant Bo#rytis cinerea.
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T'he writer was unable to obtain material of this disease and
consequently has no original information to offer concerning it.
This case has been brought forward as one of the best examples
of the connection between Botrytis and Sc/. Libertiana, but Dr.
Behrens’ later statement changes the aspect completely. With
his original conclusions discredited by himself there remains the
fact that Tichomiroff and Hiltner found the disease caused
respectively by Sclerotinia and Botrytis alone, and no proof is
to be found that the two forms had any connection with one
another in attacking this plant. The fact that Behrens found no
Botrytis in connection with the disease during one season gives
further evidence that this species was entirely distinct, though
in similar effect and appearance.

RAPE DISEASE,

BIBLIOGRAPHY.

I. HAMBURG, E. A. Peziza ciborioides F r., etc. IIl. Foldniv, Erdec. 8 :500.
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4. SORAUER, P. Die Sclerotienkrankheit des Rapses. Zoc. cit. 297

The disease of the rape plant described by Frank (3) is also
one of interest in this connection. Plants were found to be
affected by a rotting of the stem, the cortex and pith being
filled with 2 fungous mycelium, soon becoming completely
destroyed. Numerous black sclerotia were present in the pith
Cavity, The filaments of the mycelium were hyaline, filled with
Sranular protoplasm with vacuoles, septate and branching pro-
fusely in al] directions. The largest had a diameter of 20p.
The sclerotia were of irregular form and had a diameter o.f

always occurred. The Botrytis hyphae seemed to arise without
doubt from the interior filaments. Further development was

Obtained by placing sclerotia on moist sand, when they produced
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apothecia, which the author attributes to Sclerotinia Libertiana.
It was found possible to infect healthy rape plants with
either conidia, ascospores, or mycelium, or by sowing the seed
in a pot of earth containing diseased tissue. Seedlings were
infected with Botrytis conidia and kept under a bell jar. They
soon showed the disease as before. The author also cites the
results obtained by Hamburg (1), who found it possible to
infect healthy rape plants with ascospores of .S. Libertiana, produc-
ing the disease with a development of Botrytis conidia, and he
(Frank) concludes that the distinction of the two species J.

the Botrytis form is impossible.

De Bary (2) discredits Frank’s conclusions as to the connec-
tion between S. Libertiana and Botrytis.

This case seems to be the strongest argument in support of
the connection between Botrytis and Sc¢/. Libertiana. The writer
has no personal knowledge of the disease. It should be pointed
out, however, that Frank's results are really but little different
from those obtained in the study of the lettuce disease where
opposite conclusions were reached. The principal evidence 1n
favor of the connection between the two forms is based on their
simultaneous occurrence and the fact that the disease was induced

Botrytis conidia, both of which facts apply equally well to the
lettuce disease as already described. Norare Hamburg’s results
any more convincing, since the appearance of Botrytis as a sap-
rophyte on plants attacked by Sclerotinia is no unusual occur-
rence. The appearance of Sclerotinia (meaning sclerotia capable
of producing Peziza) upon plants infected with Botrytis conidia
would have carried great weight, but no such result has been
obtained. The writer feels justified in stating in regard to this
disease, on the testimony of those who have described it, and
in the light of the similar cases which he has investigated and
the general study of the species concerned, that no pOSiti‘fc
proot whatever is found herein that Botrytis cinerea and Sclerotinia
Libertiana have any connection with each other.
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POTATO DISEASE.
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Kirchner (7) found potato plants which showed symptoms
Yery similar to those in the lettuce, the stem rotting off just
a!JOVe the ground. Where the plants stood close together a
V180rous growth of Botrytis cinerea appeared upon the affecte.d
PArS, to which the author attributes the disease. No sclerotia
.Were found. Ritzema Bos (8) found the same disease abundant
M Holland. Cohp (6) notes a potato disease in Germany with
Yery similar symptoms, but found sclerotia which seemed to
belong o Sclerotinia Libertiana. The same is stated as being
abundant in Norway. A ‘new disease of the potato™ has befarl
described by Smith (1), Wilson (3), and Blytt (4). The dis-
“ased plants became covered with a thick, felt-like growth of

w

T ow s
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appeared numerous black sclerotia, ranging in size from that of a
grain of sand up to a small bean. From such sclerotia a Peziza
torm was obtained, which is shown, copied from Smith’s figure,
in fig. 37. The form was described by Berkeley and Wilson (3b)
45 a new species, under the name Peziza postuma. De Bary (5),
however, to whom the material was sent, determined the fungus
as Sclerotinia Libertiana. Peziza postuma 1s also given by Rehm
(10, p. 816) as a synonym of S. Libertiana. In each of these
cases the disease appears to have been caused by Botrytis or

Sclerotinia alone, and no reason appears for claiming a connec-
tion between them.

CUCUMBER DISEASE.

BIBLIOGRAPHY.
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The disease described by Humphrey (1) under the name of
“timber rot” is not uncommon in cucumber houses in Massa-
chusetts. The writer has met with it several times and also has
received specimens from the New York Exp. Sta. at Geneva.
Cooke (2) notes the occurrence of apparently the same trouble
in England. The disease is characterized by a dry rot of the
stem with a production of mycelium and sclerotia upon the sur-
tace. From the sclerotia Sclerotinia Libertiana réadily develops.
The writer has found no conjdial form in connection with the
disease. Humphrey, however, finding Botrytis on a decaying
fruit, argues a connection between the forms. He obtained
sclerotia in cultures from conidia which are stated to have shown
complete identity in microscopic structure with sclerotia devel-
oped from the ascospores of the Sclerotinia. The form and
manner of growth of the sclerotia were not the same, but this
difference was ascribed to the nature of the substratum.

Humphrey's results have been repeatedly duplicated by the
writer. It is true that Botrytis is often found on rotten cucum-
bers, and also that in cultures from conidia sclerotia may be
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obtained indistinguishable in microscopic structure from those
of Sclevotinia Libertiana. This has already been shown in con-
nection with the lettuce disease. It was also shown there, how-
ever, that the form and manner of production of the sclerotia is
highly characteristic and not affected by the substratum. There
s, inshort, no reason whatever for supposing, from this case,
any connection between Botrytis and Sclerotinia except their
occurrence in the same house. The entire distinctiveness of the

two forms is nowhere more easily demonstrated than in such a
case as this.

VEGETABLE, BULB, AND FRUIT ROTS.
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